Badminton is one of the most popular racquet sports in the world. The agility and vertical jump are important motor skills to hit a shuttlecock in badminton game. The purpose of this study was to investigate effect of plyometric training on vertical jump and agility in adolescent badminton players. Twenty adolescent (age, 12.5 ± 0.2 years) badminton players were randomly divided into two groups as plyometric group (PG) and control group (CG). All participants were tested to assess agility and vertical jump before (pre-test) and after 6-weeks training period (post-test). Agility performance was assessed with Illinois Agility Test. Vertical jump height was measured with squat jump test using a contact mat. The PG performed plyometric training twice a week, for 6 weeks. There was a significant difference between pre and post-test for squat jump test in both PG (26%) (p = 0.00) and CG (10%) (p = 0.016). However, squat jump height significantly increased in PG compared with CG (p = 0.024). The agility significantly improved in PG (6%) (p = 0.01), but not CG (2%) (p = 0.294). Our results show that a six week plyometric training improved agility and vertical jump in adolescent badminton players. Badminton game requires fast changes in direction, vertical jumps, forward lunges around the court. Badminton coaches should take place plyometric exercises in training program.
INTRODUCTION
Plyometrics are training method including explosive-type exercises used by athletes in all of sports (5) . Plyometric exercises consist of two phases; a rapid stretching of a muscle (eccentric action) and a rapid shortening (concentric action) (11) . The stored elastic energy within the muscle during stretching is used to produce more force following concentric phase. Plyometric exercises may facilitate peripheral and central neural adaptations that increase joint proprioception and kinesthetic awareness. A rapid stretch and shortening activity may lead to sensitivity of the muscle spindles and desensitization of the Golgi tendon organs during eccentric loading (27) . Previous studies have been reported that plyometric training was effective in improving muscle strength, vertical jump, speed, and agility in both children and adults (17, 18, 22, 24, 30) . Meylan & Malatesta (17) found significant improvement in 10-m sprint time by 22 .1% and agility test time by 29 .6% and significant increase in jump height following an 8-week plyometric program in adolescent soccer players. Rubley et al. (24) observed that plyometric training improved vertical jump after 14 weeks in female adolescent soccer players. Miller et al. (18) showed that a six week plyometric training program improved two agility test performance in young subjects.
Badminton is one of the most popular racquet sports in the world (14) . The game of badminton includes intermittent rallies of high intensity on court (14, 15) . The badminton match requires fast changes in direction, vertical jumps, forward lunges, and different postural positions (15) . Tiwari et al. (29) observed that agility was related to physical performance (r=0.83) during a badminton match. The shuttlecock's atypical and surprising flight trajectory requires considerable skill for hitting it (1). To our knowledge, the agility and vertical jump are important motor skills to hit a shuttlecock at different positions around the court.
To our knowledge, there are limited number of studies investigating to the effects of plyometric training on athletic performance in badminton players (8, 9) . Heang et al. (9) showed that a six week plyometric training improved agility performance in young badminton players. The aim of this study was to investigate effects of plyometric training on vertical jump and agility in adolescent badminton players.
MATERIALS & METHODS
Twenty adolescent badminton players (9 boys, 11 girls; age = 12.5 ± 0.2 years) participated in this study. All participants had prior badminton experience of at least 2 year. None of the subjects had lower-extremity injuries and surgery within 6 months prior to the pre-tests, any cardiovascular and metabolic disease. This study was approved by the University Institutional Review Committee for the ethical use of human subjects.
All participants were tested to evaluate agility and vertical jump before (pre-test) and after 6-weeks (post-test). Participants were randomly divided into two groups of plyometric (PG) and control (CG). The PG performed plyometric training twice a week for 6 weeks in addition to the routine training. Both groups maintained twice a week badminton training throughout the study period. The CG did not participate in any plyometric exercises at the time of the study.
Agility performance was assessed with Illinois Agility Test (23) . The test area with a length of 10 m and a width of 5 m was set up with four cones on the basketball court. Another four cones were placed down in the center with spaced 3.3 m apart. The photocells were located to start and finish lines. The subjects were instructed to run as quickly as possible around the course. The best result of the two trials with five minutes recovery between trials was recorded.
Vertical jump height was measured with squat jump test using a contact mat (Swift Performance Equipment, Lismore, NSW, Australia). The squat jump test is one of the most reliable and valid field tests to evaluate of explosive power of the lower extremities measured by contact mat (16) . Each participant jumped with 90° knee flexion, barefoot, and their hands on hips on the mat. The participants were instructed to keep 90° knee flexion position for four seconds before jumping for maximum height. The best score of two jumping effort was recorded.
The participants performed plyometric exercises twice a week for a 6-week period. The plyometric training program included progressive exercises similar to the training protocol of Miller et al. (18) was used ( Table 1) . 
Statistical Analysis
All analyses were completed using SPSS (Version 16.0, SPSS Inc, Chicago, IL). The normality of distribution for dependent variables was confirmed with the Shapiro-Wilk Test. Results of the pre-and post-tests were compared using the Pairedsample t test within each group. The differences between pre-and post-tests of the groups analysed with Independent t-tests (2-tailed). Statistical significance was set at p ≤ .05. Cohen d effect size and effect-size confidence intervals were calculated. Effect sizes were interpreted as small (0.2 -.49), medium (0.50-0.79), and large (≥0.8) (18) .
RESULTS
Descriptive characteristics of participants are shown in Table 2 . There were no significant differences between PG and CG based on age, height, and weight (p > .05). The effects of the training (with 95% confidence limits) on performance of the groups are presented in Table 3 . Paired-sample t-test indicated that there was a significant difference between pre and post-test for Squat Jump Test in PG (26%, medium effect size, p = 0.00) and CG (10%, small effect size, p = 0.016). However, Independent ttest showed that squat jump height significantly increased in PG compared with CG (medium effect size, p = 0.02). Agility significantly improved in PG (6%, small effect size, p = 0.01), but not CG (2%, p = 0.294). 
DISCUSSION
Plyometric training involves explosive concentric contractions of the muscles via the stretch reflex and produce high stress on muscles and bones. Plyometric training is considered unsafe for children, and a prerequisite for participation previous experience in strength training (11) . On the other hand, some studies demonstrated that plyometric exercises improved whole body bone mineral content and stimulated bone formation in children (12, 31, 33) . The present training program did not lead to any injuries or symptoms of discomfort. Previous authors documented that well designed plyometric training programs were effective for improving sprint, agility and vertical jump abilities in children (3, 17, 19, 20) . The present study showed that a six week plyometric training significantly increased squat jump height by 26% in adolescent badminton players. The improvement in jump height may be a result of the neural adaptations because the training period is shorter than eight weeks. These adaptations involve an increase in α-motoneuron firing frequency and recruitment. Plyometric training may improve voluntary activation of muscles by inducing specific adaptations at the supraspinal and/or spinal level depending on the contraction mode (2) . The period of plyometric training was shorter than those of other studies in the present study. However, to our knowledge, this improvement could be explained that the participants in this study had no experience of plyometric training. On the other hand, the squat jump height increased by 10% from pre-test to posttest in the CG. It is possible that badminton training contributed to vertical jump by improving explosive strength in the lower extremities. The result of the current study is in accordance with the results of previous studies in trained and untrained children. Kotzamanidis (13) reported that squat jump height (34%) increased following a ten week plyometric training in nonathletic boys. They suggested that improvement in jump height could be due to the rate of force development, power, and stiffness enhancement. Ramirez-Campillo et al. (20) showed that squat jump height increased by 18% after 7 weeks of plyometric training in nontrained adolescent males. Also, they suggested that training adaptations were associated with hardness of the training surface used during plyometric training. Chelly et al. (4) reported that a 10-week plyometric training led to increase in the squat jump height (14%) in adolescent track athletes. The authors observed total leg and thigh muscle volumes remained unchanged after plyometric training. They suggested that the gains in jump height were due to various neuromuscular adaptations involving the stretch reflex and the storage of elastic energy. The athletes performed three times per week plyometric training. In the control group, was observed low increase by 5% compared with our control group (10%). Also, the athletes had mean experience of the training by 3.4 years higher than those of our participants. Rubley et al. (24) found that plyometric training increased vertical jump height by 8.3% from pre-test to 7 weeks in adolescent soccer players. In this study, one per week plyometric exercises with low impact was used compared with frequency of our training program. Meylan & Malatesta (17) observed significant increase by 7.9% in counter movement jump height, but not squat jump height following an eight week plyometric program in children soccer players. They explained that squat jump height did not improve because squat jump involving minimal stretchshortening cycle of the muscle compared with counter movement jump was not stimulated during training. There is only one study investigating the effect of plyometric training on vertical jump in adolescent badminton players. Fröhlich et al. (8) showed that the plyometric training twice a week for eight weeks resulted in an increase by 13.7% in squat jump height. But, there was no control group.
The discrepancies between our results and those of the previous studies could be explained by the differences in the intensity, frequency and period of the plyometric training and previous fitness level of the children. Also, few authors showed that the gains of the plyometric training were affected by training surface (10, 20, 26) . In the present study, plyometric training was performed in gymnasium floor on hard surface, but not sand or grass.
Another result of the present study was that a six week plyometric training improved by 6% agility time for Illinois Agility Test. Agility has been described as the ability to maintain a controlled body position and fast change of directions (32) . To our knowledge, plyometric exercises involve explosive lower extremity movements and fast muscle contractions. Therefore, our plyometric training program might be contributed to agility development. Heang et al. (9) observed that a six week plyometric training significantly improved agility performance in both plyometric (7%) and control group (2.5%) in young badminton players. The training intensity and exercises was similar to our training program. But, they performed plyometric training one session per week. They suggested that co-curriculum badminton training program contributed to development of agility of the control group (9). Meylan & Malatesta (17) found that an 8-week plyometric program significantly improved agility test time (29.6%) in children soccer players. Thomas et al. (28) compared the effects of two plyometric training methods on power and agility in youth soccer players. After six weeks, they found significant decrease in agility times. Miller et al. (18) reported that agility times improved 2.93% for Illinois Agility Test after two sessions per week a six week plyometric training program in young subjects. The training intensity and plyometric exercises was similar to our training program. Ramirez-Campillo et al. (21) documented that Illinois Agility Test times significantly decreased by 3.5% following 7 weeks of plyometric training in adolescent soccer players.
One limitation of the present study is that no physiological measurements (e.g. electromyography) were taken to observe neural adaptations induced by the plyometric training. Another limitation of the study was short training period compared with other studies. However, our training program improved both vertical jump and agility. The effects of plyometric training could vary depending on factors such as gender, age, training level, type of sport activity, familiarity with plyometric training, training duration, and training intensity (7).
The findings of this study showed that a six week plyometric training improved agility and vertical jump in adolescent badminton players. Badminton is one of the most common sports among children in many countries. The badminton match requires fast changes in direction, jumps, forward
